The adsorption of water by thermocouple psychrometer assemblies is known to cause errors in the determination of water potential. Experiments were conducted to evaluate the effect of sample size and psychrometer chamber volume on measured water potentials of leaf discs, leaf segments, and sodium chloride solutions. Reasonable agreement was found between soybean (Glycine max L. Merr.) leaf water potentials measured on 5-millimeter radius leaf discs and large leaf segments. Results indicated that while errors due to adsorption may be significant when using small volumes of tissue, if sufficient tissue is used the errors are negligible. Because of the relationship between water potential and volume in plant tissue, the errors due to adsorption were larger with turgid tissue. Large psychrometers which were sealed into the sample chamber with latex tubing appeared to adsorb more water than those sealed with flexible plastic tubing. Estimates are provided of the amounts of water adsorbed by two different psychrometer assemblies and the amount of tissue sufficient for accurate measurements of leaf water potential with these assemblies. It is also demonstrated that water adsorption problems may have generated low water potential values which in prior studies have been attributed to large cut surface area to volume ratios.
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Accurate determination of leaf water potential using some thermocouple psychrometers requires excision of the leaf tissue before enclosing it in the sample chamber for equilibration. Use of this procedure assumes that the water potential of the leaf sample is altered very little by excision or during the time period necessary for complete vapor and temperature equilibration within the chamber. Numerous precautions have been proposed to minimize errors which might arise during these measurements (1, 8, (11) (12) (13) .
Tissue sample size and geometry have been shown to affect the measurement ofleafwater potential (1, 7, 8, 11, 13) , although results of these experiments continue to be inconclusive as to the optimal size and geometry which must be used with a particular psychrometer chamber volume. Macklon and Weatherley (7) initially suggested that the use of small leaf annuli gave accurate estimates of leaf water potential in addition to decreasing the time necessary for equilibration. Barrs clearly demonstrated that the wounding (cut edge effect) induced by excision of leaf annuli or slicing of leaf segments resulted in measurements of higher water potentials than those obtained from larger leaf segments having relatively small cut surface areas. They concluded that the higher water potentials were a result of uptake of solutes released from damaged cells, followed by the passive movement of water from the remaining less concentrated solution into the intact cells. Nelsen et al. (8) also reported that 7-mm diameter leaf discs excised from moderately wilted leaves of wheat (Triticum aesitivum L.) and barley (Hordeum vulgare L.) resulted in higher water potentials than those measured on 20-mm leaf slices. Interestingly, they found soybean (Glycine max L. Merr.) leaf water potentials to be equivalent on either the small or large discs, suggesting that errors caused by differences in leaf sample sizes were dependent on both the species and tissue water status. Although most data suggest that leaf water potential is higher in tissue having a high cut surface area to sample volume ratio (1, 7, 8, 1 1), recently Walker et al. (13) reported the opposite response using leaf discs and segments of various sizes excised from soybean leaves. They suggested that the lower water potentials measured on small leaf discs were the results of larger cut surface area to volume ratios and evaporation of water from the damaged cells between the time of excision and sealing in the psychrometer chamber (12, 13) . Extremely low water potentials (<-4.0 MPa) were reported for leaf discs having radii of 2.5 mm or less which were excised from leaves having a true water potential of approximately -1.0 MPa (13).
In our laboratory over the previous 5 years, we have utilized two types of thermocouple psychrometers, one identical to and the other smaller than that employed by Walker et al. (12, 13) . In contrast to their results, we have found that soybean leaf discs of 5-mm radius gave similar water potentials to those obtained using much larger leaf segments which have smaller cut surface area to volume ratios. The present paper presents results demonstrating the close agreement between water potentials measured on 5-mm leaf discs and leaflet segments and provides evidence that the adsorption of water by the thermocouple psychrometer assembly can account for spuriously low water potentials when care is not taken to ensure that an adequate volume of leaf tissue is sampled.
MATERIALS AND METHODS
A series of three related experiments were conducted to evaluate the effect of sample size and psychrometer chamber volume on water potentials of leaf discs, leaf segments, and NaCl solutions.
Description of Thermocouple Psychrometers. potentials were always lower than those measured on leaf segments (Table I) . However, as tissue volume increased by increasing either the leaf disc size or number, the measured leaf water potential increased. The increase in measured water potential as leaf disc radius increased may have been due to decreasing cut surface area to volume ratio as suggested by Walker et al. (13) or increasing tissue volume. However, for any leaf disc size, increasing only the volume of leaf tissue but not altering the cut surface area to volume ratio by simply increasing the number of leaf discs, resulted in a higher water potential. Even so, for the leaf disc sample with the largest total tissue volume (five, 5 .50 mm radius discs), the leaf water potential measured was still below that determined using the leaf segment. Similar results were obtained when combinations of leaf disc sizes and numbers were equilibrated within the small psychrometers, although the magnitude of differences among tissue sample volumes was smaller than with the large chambers (Table II) . Volumes of tissue required to obtain a leaf water potential similar to that measured on a leaf segment was much less when using the small psychrometers. Increasing the number of 1.60-mm radius leaf discs from I to 20 increased the leaf water potential of the sample, but even with 20 discs the measured water potential was still below that of the leaf segment. Either 5, 2.75-mm radius discs, or 10, 2.00-mm radius discs resulted in leafwater potentials comparable to that of the leaf segment. Leaf water potentials obtained with 15, 2.00 or 2.75-mm radius discs were higher than those measured for the leaf segments. It cannot be determined from this study whether this result represents variability in leaf water potential from leaflet to leaflet of the same plant or an overestimation of leaf water potential resulting from the uptake of solutes and water from the cut tissue which has been discussed previously.
The results of the experiment in which different volumes of NaCl solutions were placed in both the large and small psychrometers are shown in Table III . The amount of water required to saturate the volume of air within the chambers was calculated to be quite small. Assuming dry air was initially contained in the psychrometer chamber and using a saturation concentration of water vapor at 30'C of 30.4 gg/cm3 (9) , the amount of water required to fully saturate the large and small psychrometer air volumes can be calculated to be 0.091 and 0.018 ,l, respectively. In all cases, the large and small psychrometers contained enough solution that any errors due to water lost to supply vapor to saturate the air within the psychrometer chamber would be negligible. Based on these assumptions, the volume of water which must have been lost from each solution to result in the measured water potential was calculated using the van't Hoff relationship. These volumes are present in Table III as Apparent Volume Lost. Table III shows that more water is apparently lost from solutions in the large psychrometers than from those in the small psychrometers. There is also a general tendency for more water to be lost from samples containing a large volume ofwater than from those with lesser amounts. Furthermore, considerably more water was lost from solutions in the large chambers which used latex tubing as a sealing sleeve than from those where Tygon tubing was used. In all cases, much more water was lost from the solutions than that required to saturate the air within the psychrometer chambers.
DISCUSSION
It is clear from Figure 1 that leaf water potentials measured on 5-mm radius leaf discs agree reasonably well with those measured on leaf segments. Certainly, there was no evidence that the leaf discs consistently resulted in the measurement of lower leaf water potentials. This observation contrasts with data presented by Walker et aL (13) . Their data suggest that using 5-mm radius leaf discs would lead to an error of approximately 1.2 MPa (Fig. 1 from Walker et al.) . This was clearly not the case in our study (Fig. 1) .
When sampling very small amounts of leaf tissue, leaf water potentials increased as the tissue volume increased (Tables I and  II) . Walker et al. (13) observed a similar response when increasing the sizes of leaf discs used and they attributed this response to a smaller cut surface area to volume ratio with larger leaf discs rather than simply to an increase in tissue volume irrespective of the cut surface area.
Assuming the differences in leaf water potentials between leaf discs and leaf segments shown in Tables I and II were the results of dehydration of leaf tissue due to water being lost to the psychrometer assembly, an estimate of the water lost from the tissue was calculated as follows. At full turgor, all leaf discs were assumed to have a specific water content of 0.009 ml cm-2 of which 85% was assumed to be symplastic water, an osmotic potential of -1.0 MPa and a turgor potential of 1.0 MPa. As water was lost, it was assumed that all water was lost from the symplast and that the leaf cells behaved as osmometers obeying van't Hoffs law. Leaf turgor was assumed to decrease according to the following relationship: dp= dV where p = volume averaged pressure within the cells of tissue, V = total intercellular water volume, and e = volumetric elastic modulus.
The elastic modulus was assumed to have a constant value of (3, 5, 6) have also shown rubber to be a strong vapor sink. It is not clear what adsorbed water in the small thermocouple assemblies, although chamber walls constructed of stainless steel have been previously shown to adsorb small amounts of water (3, 5, 6 ). In addition, it is likely that the neoprene o-rings used to form the seal with the sample chamber were also adsorbing some water (5) . Tables II and III suggest (Table III) . The adsorption of water by the psychrometer chambers has a negligible effect on leaf water potentials if the volume of leaf tissue is large relative to the sample chamber size as evidenced by excellent agreement between the pressure chamber and both large (12) and small (J. M. Bennett, unpublished data) psychrometers. Since Walker et aL (13) used very small volumes of leaf tissue (one disc of each radius) in a large psychrometer chamber, we suggest that the errors caused by water adsorption were quite large. We further suggest that their data do not represent the effects of cut surface area to volume ratio but rather reflect differences in tissue volume. The amount of water apparently adsorbed by our large psychrometers, which were identical to the ones used by Walker et al. (13) , is sufficient to account for the errors they observed. The cut edge effect has been shown to be important (1, 7, 
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